Abstract-Two types of conditioned behaviors were investigated for the purpose of evaluating anxiolytic drugs. A conditioning procedure used was an active avoidance in poorly-performing mice. Chlordiazepoxide, diazepam, chlorazepate and meprobamate increased the avoidance rate, while chlorpromazine, haloperidol and nortriptyline did not produce such an effect. The effect of diazepam was potentiated by r-aminobutyric acid (GABA) and aminoxyacetic acid (AOAA) and antagonized by picrotoxin and thiosemicarbazide, but was influenced little by spiroperidol, a-methyltyrosine, phenoxy benzamine and levallorphan.
. Recently, benzodiazepines were found to control discriminative operant responses in drug discrimination experiments (17, 18) , but this procedure was used to test only the action of benzodiazepines and pharmacologically related compounds.
We attempted to clarify a qualitative difference between the effects of anxiolytics and the other classes of drugs in conditioned avoidance and drug discrimination tests. There is a growing body of evidence indicating the possible involvement of y-aminobutyric acid (GABA) system in the effects of benzodiazepines such as muscle relaxation and convulsion antagonism (19) (20) (21) (22) . If GABAergic related mechanisms are also involved in the effects of anxiolytics on these conditioned behaviors, the effects may be influenced by drugs acting on the GABA system. In the present study, effects of anxiolytics, alone or with drugs acting on the GABA system, were examined in comparison with several drugs of other classes.
MATERIALS AND METHODS
Subjects: Male STD-ddY strain mice, weighing 30-40 g, were maintained with food and water freely available and used for the study of active avoidance. For the study of discriminative stimulus properties of drugs, male STD-Wistar strain rats, weighing 180-220 g at the beginning of the training, were maintained on a restricted diet at about 80% of their free feeding weights. Animals were housed in a well-ventilated room at 23-25'C and under artificial illumination between 8:00-18:00.
One-way active avoidance test in mice: The apparatus and procedure used were as described in a previous paper (23) . In short, the mice were trained in a box of two corn partments, one darkened and the other not. Each trial was started by placing a mouse in the darkened compartment and then a click sound stimulus was given for 5 sec. Unless a mouse moved into the other compartment within 5 sec of the sound stimulus, an electric shock (5 mA, 50 Hz, 10 m sec) was delivered to the feet for 5 sec. When the mouse reached the other compartment within the first 5 sec, such action was counted as an avoidance response. The mouse was manually returned to the darkened compartment and the next trial was started.
Most mice were accustomed to performing the avoidance response with 50 trials of training. However, in about 20-30% of the mice, the avoidance response was poorly acquired despite repeated training, or the acquired response was impaired gradually by further training. Such animals in which the avoidance rates (% of the avoidance response/ 10 trials) were less than 50% were considered poorly-performing mice and were used for drug studies in groups of 10.
Drug discrimination test in rats: Using the Tech Serv operant conditioning chamber and the usual procedure of shaping (24, 25) , food-deprived rats were trained to press one of two levers when given 25 mg/kg i.p. of phenobarbital and the opposite lever when given 1 ml/kg of saline. After every tenth press (FR 10) of the correct lever, 0.1 ml of milk solution was delivered. Responses on the incorrect lever produced no programed consequences. Phenobarbital or saline was given i.p. each 60 min before the animals were placed in the test chamber. The discrimination training was performed five consecutive days of each week according to two alternating sequences of injections. The first sequence was saline phenobarbital-phenobarbital-saline-saline and the second was phenobarbital-saline-saline phenobarbital-phenobarbital. On each day of training, the first 10 lever presses were recorded. Testing was performed at the end of each week using rats which made all of the first 10 responses on the appropriate lever for 4 consecutive sessions.
On the test day, responses of rats on both levers were rewarded with milk on a FR 10 schedule. Each rat was placed in the chamber at the appropriate time after test drug in jection and allowed to respond until one reinforcement was obtained. The number of responses on each lever in the first 10 responses was recorded. The lever on which 10 responses were completed to obtain the first reinforcement was considered to be the selected lever. A group of 6-8 rats was used for each dose of the test drugs. enhanced, but at 10 mg/kg i.p. suppressed the avoidance response.
Effect of aminoxyacetic acid (AOAA), GABA, picrotoxin and thiosemicarbazide on the avoidance enhancement by diazepam: Effect of the drugs acting on the GABAergic mecha nism was examined regarding the avoidance enhancement by diazepam (Fig. 4) Effect of picrotoxin on the avoidance enhancement by anxiolytics: Like the case of diazepam, the avoidance enhancement by the other anxiolytics was also antagonized by picrotoxin (Fig. 6) .
Chlordiazepoxide 2 mg/kg i.p., chlorazepate 5 mg/kg i.p. and meprobarnate 100 mg/kg i.p. alone induced a marked increase in the avoidance rate, and this increase was significantly reduced by picrotoxin (2 mg/kg i.p.).
Effect of spiroperidol, a-methyltyrosine, phenoxybenzamine and levallorphan on the avoidance enhancement by diazepam and the other drugs: The influence of some drugs on the avoidance enhancement by diazepam was further examined. Effect of anxiolytics in rats trained to discriminate between phenobarbital and saline:
The discriminative stimulus properties of anxiolytics were examined in rats previously trained to discriminate between the effects of phenobarbital (25 mg/kg i.p.) and saline by responding on different levers (Table 1) . Significant difference from the test drug alone: *p<0.2, **p<0.05.
Effect of AOAA and picrotoxin on the discriminative response control by diazepam and phenobarbital: Discriminative response on the phenobarbital-lever caused by phenobarbital and diazepam, was potentiated by treatment with AOAA and antagonized by picrotoxin (Fig. 8) .
After administration of phenobarbital 10 and 15 mg/kg i.p., rats emitted 0 and 24 responses on the phenobarbital-lever, respectively, which increased to 13 and 75 % responses 
DISCUSSION
The present experiments were done to examine the avoidance enhancement and dis criminative response control by anxiolytics in comparison with several drugs of other classes.
It has been reported that benzodiazepine anxiolytics enhanced the conditioned avoidance response of poorly-performing rats in both Sidman avoidance and shuttle box avoidance procedures (12, 13) . The present experiment showed that the avoidance enhancement in poorly-performing mice was seen not only with benzodiazepines such as chlordiazepoxide, diazepam and chlorazepate, but also with meprobamate. Some investigators reported that drugs other than anxiolytics induced the avoidance enhancement (13) (14) (15) (16) . Also in the present experiment, biperiden, methamphetamine, caffeine and morphine enhanced the avoidance response. In the experiment done after pretreatment with AOAA (inhibitor of GABA transaminase), the anxiolytics could be differentiated from the other drugs which enhanced the avoidance response. The ability of anxiolytics to enhance the avoidance response in poorly-performing mice was potentiated by pretreatment with AOAA. However, the effect of drugs other than anxiolytics was influenced little by such pretreatment. These results indicate that, among several drugs which enhanced the avoidance response, poten tiation with AOAA is seen only in the effect of drugs classified as anxiolytics.
The more selective effect of anxiolytics was shown in the drug discrimination experiment.
It has already been reported in similar tests that benzodiazepines and barbiturates had similar discriminative stimulus properties (17, 26, 27) . Because such similarities are often seen in both pharmacological and clinical activities, some investigators include these drugs in the same category (2, 4, 28) . The drug discrimination experiment, herein, was performed using phenobarbital, which was preliminarily confirmed to have a stable discriminative stimulus effect with considerable duration, as a training drug. Anxiolytics such as chlordi azepoxide, diazepam, chlorazepate and meprobamate exhibited a preferential response on the phenobarbital-lever. However, such response was elicited only slightly with biperiden, methamphetamine, caffeine and morphine which showed a similar effect to anxiolytics in the avoidance test. In addition, haloperidol and nortriptyline produced a saline-lever selection.
These results show that, among several drugs tested, phenobarbital-like discriminative stimulus is induced only by anxiolytic drugs.
There are numerous reports supporting the idea that benzodiazepines have a facilitatory activity on GABAergic processes (16) (17) (18) (19) (29) (30) (31) (32) . On the other hand, Martin and Candy (33) and Briley and Langer (34) reported that the GABA receptor agonists increased, while the GABA receptor antagonist decreased the affinity of benzodiazepines for their specific binding sites. In the present study, the effect of diazepam on the avoidance response was potentiated by AOAA and GABA and antagonized by picrotoxin (GABA receptor antagonist) and thiosemicarbazide (inhibitor of GAGA synthesis). However, this effect was little influenced by spiroperidol (dopamine receptor antagonist), a-methyltyrosine (inhibitor of catecholamine synthesis), phenoxybenzamine (a-blocker) and levallorphan (narcotic antagonist). The effect of the other anxiolytics was also potentiated by AOAA and antagonized by picrotoxin. Also in the drug discrimination test, the percentage of response on the phenobarbital-lever elicited by diazepam and phenobarbital was increased by treatment with AOAA and decreased by picrotoxin. Thus, it is feasible that the avoidance enhancement and discriminative response control by anxiolytics may involve GABAergic mechanisms.
These results indicate that, 1' among several types of drugs which enhance the avoidance response, the effect of anxiolytics may be closely linked with the GABA system, 2) GABAergic mechanism may also be involved in the phenobarbital-like discriminative response provoked by anxiolytics. Our study may thus help to distinguish the anxiolytics from the other classes of drugs.
